triggers the formation of large numbers of autophagoIn this study, we report that inactivation of the Arabisomes, and leads to embryo lethality. We show that dopsis gene VACUOLELESS1 (VCL1) blocks vacuole VCL1 is the Arabidopsis homolog of yeast Vps16p, and formation and alters the pattern of cell division orientaour results suggest that the molecular function of VCL1 tion and cell elongation in the embryo. Consistent with is most likely related to the regulation of membrane a role in vacuole biogenesis, we show that VCL1 enfusion events required for trafficking of proteins to the codes the Arabidopsis ortholog of yeast Vps16p. In vacuole and for biogenesis of that compartment. The contrast to yeast mutants that lack a vacuolar comseverity of the vcl1 phenotype demonstrates that, unlike partment but are viable and morphologically normal, in yeast, the presence of a functional vacuole and corloss of the plant vacuole leads to aberrant morphogenrect targeting of cellular material to the vacuole is essenesis and embryonic lethality.
Introduction Results

Plant vacuoles have a diverse array of cellular functions, vacuoleless1 Mutants Lack Vacuoles
. In many cases, the cytogenomic library was prepared from heterozygous vcl1/ plasm is not completely enclosed by the membrane, VCL1 plants and a T-DNA left border fragment which perhaps reflecting the presence of intermediates in the contained adjacent Arabidopsis genomic DNA was formation of these compartments ( Figures 2D and 2K, cloned. Blastn searches with this small genomic fragsolid arrowhead). Importantly, these autophagosomes ment revealed that this T-DNA left border was inserted do not appear to fuse with any vacuole-like cominto the fourth exon of predicted gene T8P21.7 (the sevpartment. enth gene on BAC T8P21), at approximately 72 cM on chromosome II. To confirm that inactivation of gene T8P21.7 caused The Vacuolar Protein AtALEU Is Missecreted the vcl1 mutation, we made a plasmid construct conto the Extracellular Space in vcl1 Ovules taining the entire T8P21.7 coding sequence as well as The inactivation of VCL1 also affects the morphology of 3 kb of upstream sequence (up to the predicted coding the cell wall, which becomes progressively thicker dursequence of T8P21.6; Figure 4A ). This construct compleing embryo development. At the late torpedo stage, cell mented the vcl1 mutant phenotype and confirmed the walls in vcl1 are three to four times thicker than in wildidentity of T8P21.7 as the VCL1 gene. We obtained a type embryos (see Figure 2I versus 
Missecretion of Vesicles to the Plasma Membrane Could Alter Cues for Division Plane Orientation
The defects in cell elongation observed in vcl1 embryos can be directly attributable to the block in vacuole biogenesis. However, the dramatic alteration of division plane orientation in vcl1 embryos is an unexpected result of the lack of a vacuole. This effect may be a secondary consequence of the loss of VCL1 function. In vcl1 mutants, we have observed that the vacuolar protein AtALEU is mistargeted to the cell wall, and that the cell walls of embryos become increasingly thick and amorphous during development of the embryo. These data suggest that large amounts of proteins and enzymes which are normally targeted to the vacuole are instead being sent to the cell wall. In addition, vesicle membranes that would normally fuse with the vacuole , 2000) , suggesting that they may be lar biogenesis and targeting in plants.
